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This invention relates generally to apparatus -

for measuring certain conditions of rotatable
members which may be shafts, airplane propellers
or other revolving elements, and more particu-
larly for measuring conditions such. for example,
" as forque, temperature, pressure, speed, accelera-
tion or strains arising from various causes, where
the condition to be measured produces a change
in the electrical impedance of a responsive ele-

ment attached to and rotatine with the member.

This apblication is a continuation in vart of my
co-pending apnlication, Serial No. 508.216. filed
October 29. 1943, and which has become Patent
2,423,620, July 8, 1947, '

One object of my invention is to provide an
improved circuit in which any or all arms of a
bridge may be brought out throuch slip rings
without requiring any high resistance elements
in the bridge to minimize brush contact resistance
errors,

A further object is to provide an improved
bridge circuit in which two arms thereof may
be differentially variable and yet compensate
each other to a high degree for temperature
effects. .

Other obiects and advantages will be more ap-
parent to tho<e skilled in the art from the fol-
lowing deccription of the accompanying draw-
ings in which:

Fie, 1 diagrammatically illustrates one form of
my improved circuit for allowing any or all arms
of the bridge to be brousht out throuch slip
rings without requiring high resistance elements
in the bridge;

-Figs. 2 and 3 are modified circuit diagrams of
Fig, 1;

Fig. 4 is a further mo-ification in which two
arms of the bridge circuit mav be differentially
varigble together with temperature compensa-
tion: and

Fig, 5 is a modification of Fig. 4. ‘

The circuits discloced in Figs. 1, 2. and 3 are
improvements over: the disclocure contained in
my copending apolication. Serial No. 508.216. Fis.
5, in that they show how anv or all arms of the
bridee may be broucht out through slio rings and
in that none of the bridge arms is limited to being
of high impedance or resistance as was the case
there, 'These advantages I obtain in the circuits
of Figs. 1, 2, and 3 without any loss in sensitivity
or accuracy and I therefore have broadened the
scope and usefulness of the earlier disclosure fo
an important extent. To facilitate the descrip-
tion, corresponding parts of the three figures are
given the same reference number.

177—351)
: 2 3 .
In Fig. 1 I show how one or more arms of the
bridge can be brought out through slip rings.
To accomplish this I employ a pair of slip rings
55 mounted on a rotatable shaft or other member
57 which also carries a suitable condition-re-
sponsive impedance element 58, the two ends of
58 being connected to rings 55. For purposes of
explanation, element 58 may be considered to

" be a bhonded wire strain gage or a temperature-
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responsive resistance element, although any kind
of condition-responsive impedance element can
be used equally well by obvious and suitable choice
of circuit elements in the other parts of the cir-
cuit. Against each slip ring there bears what
I call a “main” brush 59 whose principal func-

tion is to provide direct connection from element

58 to the adjacent bridge arm, and an “auxiliary”
brush 63 which serves primarily to establish a
potential point at the nearest “bridge corner”
substantially independent of contact resistance
of brushes 59 and 63,

In Fig. 1 for purposes of illustration I have
shown two arms 58 brought out through slip rings
and two non-rotating arms R:1 and R3 to com-~
plete the bridge, It will be seen that any or all
arms could be brought out through slip rings in
accordance with my present invention. At each
corner where a slip ring connection exists I con-
nect the main brush 58 directlv to the adjacent
bridge arm. In parallel with this I connect aux-
iliary brush 63 to the same adjacent bridge arm
by means of a voltage divider 71, 2. The junc-
tions of r1 and r2 are labelled “corners of bridge.”
Any desired two opposite corners such as 61 may
be used as terminals to supply power to the
bridge, the remaining two corners 85 serving as
the bridge output terminals. The “adjacent
bridge arm” just referred to may be a non-rotat-
ing arm such as R: or R3 or it may be another
rotating arm, in which case connections would
be made through main and auxiliary brushes as
already shown in the figure for two rotatable
arms of the bridge. The bridge may be balanced
by varying any or all of the arms in any con-
venient manner.

The essential feature of Figs. 1 and 2 is the
use of the voltage divider and auxiliary brush
circuit at each corner having a slip ring., This
permits the use of low impedance or resistance
bridge arms throughout if desired, while making
the effects of brush contact resistance negligibly
small. It also makes it practical to use low-
resistance galvanometers or other devices as
bridge unbalance indicators. In practice, r1 and .
72 are made large relative to the expected varia-
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tions in brush resistance so that the potential

at their junction point is substantially unaf- -

fected even though considerable resistance varia-
tions take place at brush contacts 59 and 63.
The proper choice of resistances or impedances
r1 and r2 can be made either by experiment or by
calculation in accordance with conventional cir-
cuit theory; In any case, the final choice will of
course depend upon the ‘accuracy desired as well
as upon the magnitudes of the several elements
of the circuit and thelr expected variations.

In Fig. 2 I show how the circuit of Fig. 1 may
be simplified when it is permissible to use three
slip rings where two adjacent arms 58 rotate with
the same member 57, Here, the connections are
brought out from two rings 55 exactly as shown
in Fig. 1, while the connection from ring 58
(which is common to the two arms 58) is brought
out by means of a simple brush 66. This circuit
has the advantage of eliminating one voltage
divider corner while still serving to reduce the
effects of brush contact resistance to negligible
proportions. It may be seen that the two arms
58 may be differentially variable, as to strain re-
sponse for example, and yet compensate each
other perfectly for temperature effects. If
strain-sensitive gages are used for arms 58 the
circuit can by proper arrangement of the gages
be made responsive only to bending or only to
torsion or only to thrusf, as desired. Or, arms
58 may be devices differentially responsive to
temperature or other functions, or they may, for
example, be the two arms of a conventional two-
arm electromagnetic strain gage, etc., without
affecting the scope of my invention. As with
any Wheatstone bridge, the power may be im-
pressed across any two opposite corners such as
6! while the remaining corners 65 serve as out-
put terminals.

Fig. 3 shows a bridge balancing and measuring
circuit which is a further improvement over that
shown in my copending application, Serial No.
508,216, Fig. 6, in that I here show how one or
more arms of the bridge may be brought out
through slip rings in accordance with my present
invention without introducing appreciable errors,
even though relatively large brush contact re-
sistance variations may exist during the course of
measurement. For purposes of illustration I have
shown only one arm 58 brought out through slip
rings 55 mounted on rotatable member 51, but
it is easily seen that any or all arms may be simi-
larly brought out by following the teachings of
Figs. 1 and 2.

The operation of the Fig. 3 circuit is as fol-
lows: A source of D. C. or A. C. voltage is ap-
plied at “bridge corners™ 61. The voltage for the
bridge balancing circuit 243’ is obtained tarough
& main brush 59 if a slip ring connection oc-
curs at a power corner of the bridge, as at “A”
in Fig. 3, and through a direct connection to the
power source if no slip ring connection occurs at
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some cases this may be preferable, It isinherent

“in my circuit that it makes little difference which

point of connection is chosen for the balancing
circuit.

It is to be understood throughout the above
disclosure that, while I have referred to certain
brushes as “main” brushes and to others as “aux-
illary” brushes, the terms are used merely for
purposes of identification. Their functions in my
present invention are so interdependent that,
strictly speaking, it is not possible to identify one
kind as “main” and the other as “auxiliary.”

In -Fig. 4 when it is permissible to use three
slip rings 67, 68 and 68 the circuit of Fig. 5 may
be simplified into that shown in Fig. 4. In this
arrangement two arms 19 and 1f of the bridge
rotate with a shaft or other rotating member, and
the power circuit 13 with its main brushes 74 and
15 is independent of the Wheatstone bridge cir-
cuit which includes auxiliary brushes 716 and 717

* and high resistances 78 and 79. The two external
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a power corner of the bridge, as at “B” in Fig. 3.~

By adjusting the contacts 243a, the bridge un-
balance may be determined by means of any con-
venient unbalance indicator 61. It is to be noted
that in this arrangement the bridge balancing
method, while utilizing only a single power source,
does not depend upon the power source holding
its voltage constant for obtammg fully precise
measurements,

Incidentally, instead of connecting 283a to
brush 58 as shown at “A” in Fig. 3, I can just as
well connect it directly to the power source where
it comes into the junction of r; and r2 and jn
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arms 18 and 719 are made large relative to the re-
sistance at the auxiliary brushes and hence are
negligibly affected by variations in the brush
resistance. Suitable instrumentation is con-
nected across brush 63 and a point between re-
sistances 718 and 719. As with any Wheatstone
bridge, the battery and galvanometer may be in-
terchanged if desired without impairing the func-
tioning of the device. )

This circuit has the advantage that the gage
arms 70 and 71 may be differentially variable and
yet compensate each other perfectly for tempera-
ture effects. As disclosed in my copending ap-
plication Serial No. 430,921, now Patent No.
2,392,293, January 1, 1946, covering Torque meas-
uring apparatus, if strain sensitive gages are used
for the gage arms 70 and T{ the circuit may by
proper arrangement of the gages be made respon-
sive only to bending or only to torsion or only -
to thrust, as desired. *Arms 70 and Tl may also
be devices differentially responsive to tempera-
ture or other functions, or they may for example
be the two arms of a conventional two-arm elec-
tro-magnetic strain gage, ete., without affecting
the scope of my invention.

By way of further illustrating the broad use-
fulness of the circuit shown in Fig. 4, I have
shown in Fig. 5 a variation in which the two ex-
ternal bridge arms 18’ and 19’ are primary wind-
ings of transformers T, T, the secondaries of
which are connected in opposition so as to provide
means for detecting the bridge unbalance,
Either A. C. or D. C. current may be fed into the
power or main brushes T4’ and 15%’, depending
upon the nature of the measuring, detecting, or
controlling problem. Since the secondaries of
the transformers can be made to draw a negligible
current (as compared with the current flowing
through the main brushes), it will be seen that
the auxiliary brushes 68’, 16’ and 17’ will not ad-
versely affect the accuracy of the device.

From the disclosure herein it is seen that I have
provided a relatively simple, but highly effective,
bridge circuit that minimizes brush contact re-
sistance errors as well as allowing two arms of a
bridge to be differentially variable, together with
a high order of temperature compensation.

It will of course be understood that various
changes in details of construction and arrange-
ment of parts may be made by those skilled in the
art without departing from the spirit of the in-
vention as set forth in the appended claims,

I claim:

1. Apparatus responsive to a change of condi-
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tion comprising, in combination, a rotating
member, a Wheatstone bridge having two arms
constituting electrical impedance means mounted
on said member for rotation therewith and at
least one of said arms being adapted to undergo
a change in impedance in response to a change
of said condition, three slip ririgs also mounted
on said member for rotation therewith, a power
circuit having main brushes engaging two of said

rings for supplying current to said arms on the.

rotating member, auxiliary brushes engaging said
two rings which are engaged by said main
brushes, a third brush engaging said third slip
ring, and the two arms on the rotating member

and the remainder of the Wheatstone bridge be-

ing connected together in a circuit through said
two auxiliary brushes, whereby unbalance of said
bridge is transmitted through one of said circuits,
said third slip ring and ifs brush.

2. Apparatus responsive to a change of condi-
tion comprising, in combination, a rotatable
member, a bridge circuit, at least one arm of
which is comprised of electrical impedance meéans
mounted on said rotatable member for rotation
therewith and adapted to undergo a change of
impedance in response to a change of condition,
a pair of slip rings mounted on said rotatable
member and connected to said impedance means,
main and auxiliary brushes engaging each of said

slip rings, a voltage divider connected to one of

said main brushes and to one adjacent bridge
arm and being also connected to said adjacent
bridge arm through-one of said auxiliary brushes,
the other of said slip rings being connected in
the same manner to the other adjacent bridge
arm, the dividing point of the voliage dividers
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being corners of the bridge, and means respon-
sive to the unbalance of said bridge.

3. Apparatus responsive to a change of condi-
tion comprising, in combination, a rotatable
member, a bridge circuit having two arms con-
stituting electrical impedance means mounted on -

‘said member for rotation therewith and at least

one of said arms being adapted to undergo a
change in impedance in response to a change of
said condition, three slip rings also mounted on
said member for rotation therewith, one slip ring
being common to said two arms and having a
brush engaging same to form one corner of the’
bridge, main and auxiliary biushes engaging both-
of the other of said slip rings, one of said slip .
rings being connected through a main brush and
a voltage divider to one adjacent bridge arm
external to said rotatable member and being also
connected to said adjacent bridge arm through

‘an auxillary brush, the other of said slip rings

being connected in the same manner to the other
adjacent arm, external to said rotatable member,
the dividing point of the voltage dividers being
corners of the bridge, and means responsive to
the unbalance of said bridge. .

4. The combination set forth in claim 2 further
characterized in that a second circuit adjustably
affects the balance of the bridge and is respon-
sive to unbalance of the bridge, said second cir-
cuit involving both. the main .and auxiliary
brushes in such a way as to substantially elimi-
nate errors due to erratic resistances at the slip
rings as well as errors due to varying or fluctuat-
ing power. supply voltages.

ARTHUR C. RUGE.




